Of the few studies on PEFR prediction equations that have been conducted in African populations, some have assumed a linear relationship between PEFR and age, not taking account of the increase in lung function during adolescence before a subsequent decline in later life. A study in Sudanese, South Sudanese and Tanzanian males showed a decline in PEFR from 17 to 70 years of age. [10] This finding differed from that of a study in Nigeria, where the decline in PEFR started at 30 years for males. [3] The available data would suggest that a linear fall in PEFR occurs from an age in the late 20s after maximal PEFR has been attained. [11, 12] The objective of this study, therefore, was to obtain regression equations for predicting PEFR in an African population, using a curvilinear model that considers changing trends of PEFR with age, given the fact that there are limited data on this topic in Africa.
Methods

Study design
This was a cross-sectional study in which measurements of PEFR were obtained during a 1994/1995 survey of a general population cohort (GPC) in Uganda. Data were also collected on sociodemographic factors, general health and HIV status.
Study population
In 1989/1990, the GPC was set up by the Medical Research Council/ Uganda Virus Research Institute (MRC/UVRI) Unit on AIDS to study the dynamics of HIV-1 infection in a rural African population. Census, socioeconomic and medical surveys have been conducted annually until the present time. During the time of the PEFR survey, the cohort comprised all residents in 15 villages in the subcounty of Kyamulibwa, a rural area in south-western Uganda, about 40 km from Lake Victoria. The study population consisted of mainly subsistence farmers, whose staple diet was matooke (cooked bananas) with groundnuts. More details of the cohort have been published elsewhere. [13, 14] In each annual medical survey, all adults aged ≥13 years are invited to participate; the survey includes determination of HIV-serostatus and other health indicators. During the 1994/1995 survey, participants had their PEFR function measured to construct a prediction model for an East African population and assess factors related to subnormal PEFR. make three attempts, and if readings were unsatisfactory, two further attempts were made. Measurements were recorded to the nearest 10 L/min. The maximum of these attempts was recorded as the observed PEFR. Measurements were made with participants in standing position.
Data management and statistical analysis
Data were entered by two independent operators using dBase III+ software (Ashton-Tate, USA). Data were analysed with Stata version 11.0 (Stata Corp., USA).
Demographic characteristics of the 1994/95 survey participants were compared with those of the larger population that took part in the census, to assess whether the sample from which the PEFR data were collected was representative of the population.
Multiple regression equations were fitted separately for males and females for predicting PEFR as follows: log e PEFR = intercept + a(age, y) + b(log e age) + c(1/height in cm), where a, b and c were the regression coefficients.
The model was adapted from a study in the UK by Nunn and Gregg, [12] which did not assume a linear relationship between age and PEFR but allowed for the fact that PEFR initially increases with age before reaching a maximum, after which it declines.
Observed PEFR in males and females was plotted separately against age. The regressions of PEFR on age using median height (calculated separately for males and females) were obtained from the equations generated in this study and were graphically presented.
Finally, PEFR values predicted by our model were plotted against age and compared with values from equations obtained from other studies in Africa, assuming a height of 164 cm for males and 155 cm for females (i.e. the median heights in our study).
Selection of healthy subjects
Prediction models were restricted to healthy individuals, defined as those who had not had: (i) a cold, a sore throat or discharge from the ears for the previous 4 weeks; (ii) a cough lasting for 1 month or more; and (iii) wheezing in the chest. Smokers and HIV-positive individuals were included, provided they satisfied the symptom requirements mentioned above. The analysis was restricted to adults aged ≥15 years to be consistent with other studies in adults. [3] 
Ethical considerations
The GPC has ethical approval (renewed annually) from the Uganda Virus Research Institute (UVRI) Science and Ethics Committee, 
Results
Study population
A total of 2 904 subjects were resident in the study area and consented to participate in the medical survey; of these, 2 505 were aged ≥15 years. A total of 710 subjects were excluded from the PEFR prediction models on account of having respiratory symptoms at the time, 175 on account of failing to perform the PEFR test correctly and a further 65 had When a comparison was made between medical survey participants and the GPC census participants, there was 50 -60% participation in the medical survey for all age groups. Participation rates in the medical survey were slightly lower among males compared with females, but the differences were not significant.
The PEFR prediction equations
The equation that gave the best fit of the data for males was: log e PEFR = 6.188 -0.019age + 0.557log e age -199.945/height For females the equation was: log e PEFR= 5.948 -0.014age + 0.317log e age -85.147/height Table 2 shows normal predicted PEFR values with varying age and height for both males and females, obtained using the PEFR prediction equations generated in this study. For both males and females, predicted PEFR at 15 and 55 years was lower than predicted PEFR from 25 to 45 years. Fig. 1 shows the observed values of PEFR in males and females plotted against age. The figure also shows the regression of PEFR on age for males of median height 164 cm and females of 155 cm. The maximum value of PEFR occurred at around 30 years for males and 25 years for females. For both males and females, there was a steady reduction in PEFR with increasing age after the maximum value of PEFR was attained. Of the variability in PEFR, 43% was explained by the prediction equation for males, and 28% by the equation for females. Fig. 2 shows the predicted values of PEFR for males of height 164 cm and females of height 155 cm, compared with those obtained from three other studies in Africa. [3, 9, 10] 
Discussion
In this study, the regression equations for predicting PEFR in a Ugandan population considering the changing trends of PEFR with age were generated for both males and females. Our equations could be used to derive nomograms of normal reference ranges for East African populations.
The regression equations developed in our study are similar to those from a study in Nigerian adults, because both assumed a curvilinear prediction model accounting for increasing PEFR in adolescence followed by a decline for older age groups. [3] For both studies, maximum PEFR was reached at around 30 years for males and 25 years for females before declining in older age groups. [3] However, our study differs from an earlier study on Sudanese, South Sudanese and Tanzanian males, [10] which failed to recognise the increase in PEFR in adolescence and early adulthood, and a study on Sudanese persons, [9] which also assumed a linear relationship for age 20 and above.
Our study found 43% of the variability in PEFR in males was explained by differences in age and height, in contrast to a study on Europeans where only 30% of the variability could be explained by age and height. However, for females, 28% of the PEFR variability was explained by age and height, which was similar to that reported among Europeans. [12] A strength of our study is the large number of individuals included in our survey, which is well has been obtained in other published studies. [4, 7] However, there may be some limitations, such as under-representation within age groups due to absence or refusal to participate. It is also possible we may have missed individuals who were healthier, if they were more likely to be working away from home or travelling, and that individuals who were sicker were more likely to be found at home. Another possible limitation was the low representation of the older age groups when obtaining the prediction equations. Our total sample size for older participants was small, with only 64 males and 36 females aged 65 years or more in the analysis; therefore, our prediction equations may not be reliable for the older age groups.
Conclusion
In conclusion, this study has provided PEFR prediction equations that could be used in obtaining normal PEFR reference values for assessing basic respiratory function in East African populations. A study in a different East African population would be of interest since it would help to confirm our findings. We will report in a different publication on the effects of smoking and other factors on PEFR.
